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What makes a living system a living system? 
What kind of biological phenomenon is Üie 
phenomenon of cognition? Tliese two questions 
nave been frequently considercd, but, in this 
volume, thc authors considcr thcni as concrete 
biological questions. Their analysis is bold and 
provocative, for tire authors liave constructcd 
a systematic theoretical biology wliich attcmpts 
to define living systcins not as objccts of obscr- 
vatlon and description, ñor cvcn as interacting 
systems, but as sclf-contained unities whose 
only reference is to thcinselves. The consequence 
of their investigations and of their living systems 
as self-making, sel f-re fcrring autonomous 
unltles, is that tlicy discovcrcd that thc lwo 
questions liave a coniinon answcr: living 
systems are cognitivc systems, and living as 
a process is a process of cognition. Tire rcsult 
of their investigations is a complctcly ncw 
perspective of biological (human) phenomena. 
During thc investigations, it was round that a 
complete linguistic descriplion pertaining to tire 
‘organizaron of Üie living’ was lacking and, 
in fací, was hampering the reporting oí results. 
Henee, the authors liave coined the word 
‘autopoiesis’ to replace the expression ‘circular 
organization’. Autopoiesis conveys, by itsclf, 
the central featurc of the organization of the 
liying, whicli is autonoiny. 
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As tile book is thc rcsult of tcaching activitics 
in Chile, Nortli America, and West Ccrmany, 
It Is emincntly suitable as a text for advanccd 
courses in biology. It can also be used as 
supplemeutary rcading for courscs in psychol- 
ogy, neurobiotügy, and philosophy of Science. 
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vi EDITORIAL PREEACE 

Malurana ls pcrhaps bes! kuown lo (be philosophcr and tbe scicnlific 
nonspcciallst us a co-mithor of lite clnssle 1959 paper ‘Wlial tlic l : rog's F.yc 
Tells lite Ftog’s Uraln’ (wllli Lellvin, McCullocli and l’itts). Sincc llicn, lie 
lias worked on tbe anatomy and ncuropliysiology of visión, especially on 
color visión, lie lias also been tcacbing medical sludcnls. Tbe problcins and 
puzzles wbicli emerged in bis researeb and tcacbing led Malurana (o develop 
a distinctivcly alternative tlieorelical framework in order lo answer tiie ques- i 

tlons, ‘Wbat is a Living System?’ and ’What is Cognitlon?’ The consequence 
of his investigations, and of bis construction of living systenis as self-making, 
self-referring autonomous unitics, Is tbat be discovered tbat tbe two questions 
llave a conimon answer. lie writcs, “Living systcms are cognitive systcins, and 1 

living as a process is a proccss of cogniiion.” 

We are very plcased (o Introduce tbis major tbcorcticai work in tbe Boston 
Studics in llic l’liilosopliy of Science. Tbe integration of biológica! tlieory, 
formal construction, epistemology (and, furlbcr, Maturana’s suggestions of 
tbe nature of intcracting systcms as a kind of biológica! sociology, and bis 
sketch of tbe cibica] bnpiications of sucli a construction) — all mark (líese 
two studies as aniong (be most original attcmpts at a systeinatic biology in 
decades, and as a profoundly philosopbical work. 

Centerfor l'hilosophy and llistory of Science roiiert s. comen 

Boston University MARX W. WARTOESKY 

July. 1979. 
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FOREWORD 


Everything tliat I say ln the introduction ls my exclusive responsibility. 
Francisco Varela has been generous enougii to grant me this freedom in what 
concerns the essay that we wrote together. His views about it he expresses 
fully and independently in his book Principies of Biological Autonomy, 
published by Elsevier-North Ilolland, New York, 1979. 

Also, 1 wisl» to acknowledge the subtle debt which the contents of this 
book owe to the many illuminating conversalions about all the topics here 
contained that I have had over more tiran fourteen years witli my dear friend 
Professor Félix Schwartzmann, of the Universily of Chile. 


ix 







ReprcsenUllon of lite cellular autopolcllc netwotk. 

All artows lint do nol ciou Ihe boundaty of lite teptesented unily Indícale ptoduclion 
retallóos. The unifonuly shaded ateas, including Ihe boundaty linc and Ihe wedges, 
logclhct with Ihe ñames. Indícale constitutivo tclations. The general fotm of cloaute wltli 
tespect to ptoduclion and constitulion in a tccutsive network tealized as a concrete 
unily Ihtough Ihe ptefctcntlal tclations of thc coniponcnts wilhin Ihe nclwotk, indícale 
otdet tclations and thc conscqucnt cleavage of lite nclwotk as a simple unily ftom ils 
médium. I he wltolc tcptcscnls a elosed network of ptoduclions, bul thc artows actoss 
tbe depletcd constitutivo boundaty of thc nclwotk indícale thc ncccssaty material 
opcnncsi of Ihe systcin as it tcalizcs the physical spacc. 


INTRODUCTION 


In this introduction I wisli to make some comments in relation to the two 
essays that make this book, but in order lo do so 1 musí, at least in part, write 
about how they carne into being. 

HISTORY 

Since my childhood I have been interested in animáis and plants, and 1 fre- 
qucntly askcd myself wltat tnade thein living. Tlius, in 1948, in my fírst year 
as a medical student, i wrote a poem whosc first stanza was: 

“¿Qué es la muerte para el que la mira? 

¿Qué es la muerte para el que la siente? 

Pesadez ignota, incomprensible, 
dolor que el egoísmo trae, para ése; 
silencio, paz y nada, para éste. 

Sin embargo el uno siente 
que su orgullo se rebela, que su mente 
no soporta que tras la muerte nada quede, 
que tras la muerte esté la muerte. 

Ei otro, en su paz, en su silencio, 
en su majestad inconsciente siente, 
nada siente, nada sabe, 
porque la muerte es la muerte 
y tras la muerte está la vida 
que sin la muerte sólo es muerte.” 

What is dealh for the beholder? / Wliat is dcath for the dying? / A welght 
beyond knowledge or understanding, / A pain for the sclf-asserting ego, for 
the one; / For the other, silence, peace, and notldngness. // Yel the one feels 
bis pride in anger / And in his mind he does not accept / That beyond death 
nothing should arise, / And that beyond death / Títere should be only death. 
II The other, in his silence, / ln his unknowing majesty feels,/ He feels noth¬ 
ing, he knows nothing, / Decause death is dcath / And iife without death is 
only emptiness. // 

xi 
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INTRODUCTION 


The poem is not a vcry good one, yet ¡t contains the impliclt question: ‘Wliat 
kind of systcms are living Systems tliat tliey may dic, and how come tliat tliey 
cognize?’ 

In 1954 I went (o study biology ¡n England and the U S.A., and wlien I 
returned to Chile in 1960, after slx ycars of study and rcscarch abroad, I 
began to work at the Medical School of tire Univcrsity of Chile in Santiago as 
a research assocíate in the Department of Diology. Títere I was involved in 
two kinds of activitics; 1 collaboratcd in tcaching a coursc in general biology 
for the medical students, and I did rcscarch in the fields of ncurophysiology 
and neuroanatomy. In my teaching my responsibility was (o convey to the 
medical students some understanding of the organizaron of living Systems as 
aulonomous cntitics, as well as some understanding of their possiblc origin 
on carth. In my rcscarch 1 wanted to apply to (he study of form and color 
visión in bírds the same approach lliat J. Y. Lcttvin and I liad used in the 
study of form visión in the frog. 

1 soon discovcrcd through my tcaching that the central question that (lie 
students would always ask was: ‘What is proper to living systcms that liad its 
origin wlicn thcy originated, and has remained invariant since tlicn in the 
succession of their gencrations?' At the same time I soon realizcd in my 
research that my central purposc in the study of color visión could not be 
the study of a mappiug of a colorful world on (he nervous System, but ratlicr 
that it liad to be the understanding of the participaron of the retina (or 
nervous System) In the generation of the color space of the observer. 

As a rcsult of (líese different act ivitics I cnlcrcd a situation in which my 
acadcmlc lile was divided, and I oiicnlcd my sel f in searcli of the answcrs lo 
two qucstlons that sccmcd (o lead in opposite directions, naniely: 'What is 
the organization of the living?’ and ‘What takes place in the phenomenon of 
perceptlon?’ 

Let me speak about how I faced tlicin. 

First Question: What is the organization of the living? 

Wlien tliis question was fust asked by the students, although it was the same 
question that liad been lurking in my miiid for many ycars, I could not answer 
It. I liad prepared mysclf for tliis moiiicnt, but whcu it carne and I tried to 
answer It in a maiincr satisfactory for the students I realizcd that I liad to 
think everything ancw. I could speak about form and fuuction and astonish 
my students and myseif at the harmoiiy of nature, exalting the ntnessof the 
cnvlronincnt and the fitncss of the individual. I could claim that the question 
was a vcry difilcuit one and that it could not yet be auswercd duc to our 
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insufficient knowledge. We liad to accept that we could recognize living 
Systems when we encountered them, but that we could not yet say what they 
werc. I could enumérate features of living Systems such as reproduction, 
heredity, growth, irritability, and so on; but, how iong a list was nccessary?; 
wlicn would the list be complctcd? In order to know when the list was com- 
plctcd 1 liad to know what a living systcm was, which was, in fact, the question 
that I wanted to answer in the first place by producing such a list. I could 
speak about adaptation and evoiution, aboutdevelopment and differentiation, 
and show how all tliese phenoniena wcre tied together by the phenomenon of 
natural selection; but the question: ‘What was the invariant feature of living 
Systems around which natural selection operated?’, remained unanswered. 
Every approach that I could attempt and that I did attcmpt left me at the 
starting point. 

Yet I obviously liad some inkliug of what was the corred answere, because 
I rejccted the unsatisfactory ones. After scveral years of (hese various at- 
tenipts I realizcd that the difficulty was both cpistcmological and linguistic, 
and that both my wife and my oíd professor, J. Z. Young, were riglit: one can 
only say with a given language what the language permits. I liad to stop look- 
ing at living Systems as open systcms defined in an environment, and I needed 
a language that would permit me to describe an aulonomous System in a 
manner that retained autonomy as a feature of the systcm or entity specified 
by the description. In olher words, any attempt to characterize living Systems 
with notions of purposc or function was doomed to fail because these notlons 
are intrinsically referential and canuot be operationally used to characterize 
any systcm as au aiitonomous entity. Thcrelorc, notions of purposc, goal, use 
or function, liad tobe rejectcd, but initially I did not know how. Accordingly, 
I tried in my lectures several approachcs in order to find a way of speaking 
about living systems in a manner that would grasp their autonomy as a phe¬ 
nomenon of their operation as uuitary systenis. Tlius, evenlually, I made a 
distiuction between what i called sclf-referred and allo-referred systems, a 
distinction that separated systems that could only be characterized with 
reference to llienisclves, such as living systems, from systems that could only 
be characterized with reference to a context. I did tliis in order to eniphasizc 
that whatever took place in living systems as living systems, took place as 
ueccssarily and constitutivcly dctcrmlncd in relation to thcmsclvcs because 
their being defiued as unitics througli sclf-rcfcrcncc was their manner of 
autonomy; and that whatever took place in other systems took place as 
constitutivcly deterniined in relation to the context with rcspect to which 
thcy wcre defined as unitics. Tliis way of speaking was not fully satisfactory 



cnccj liad nollimg to do willi llic gcomclry «I tlic visual objccl, llic gcomc- mieracintg iicnrons. Wlicllicr llicy dtd or uot, I do nol know; but if llicy 

try of tlie visual objccl liad lo do witli tlic respouse of (lióse cclls; and (b) (lid il scems (liat (lie implicalioiis wcrc uot pursued (o tlicir ultímate consc- 

that we could not account for tlic manifold cbromatic experienccs of tlie quences. 

observer by mapping tlic visible colorful world upoii llie activily of tlic Wlialcver tlic case, for me Ibis finding liad great slgnificance and plunged 

nervous System, bccausc llie nervous syslcm sccmcd lo use gconictric rclalions 1,10 ' ,,l ° Uic study of cognilion as a legilimate biological problem. Two 
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INTROUUCTION 


an observer may say by consldcrlng tire wliolc tliat 'A' Controls tire prodne- 
tlon of ‘A\ '¡i', *(.” and 'O', ¡nlcracl tlirougli relalions of contiguily in 
(he phcnoincnal domain tlral tire coinpoiicnts define. Relalions such as 
regulalion, control or function, therefore, are not relalions of contiguily; 
they are rcfercntial relalions spccillcd by tire observer who puls biinsclf in a 
meladoinain of descriptions by using Iris view of tlie wliolc as a refcrence for 
his description of tire participation of tire componenls tlrat lie describes in 

Ihe constitution of tire composile unity. 

"Evcrythiug said is said by an observer.” This 1 say in tlie Bioiogy of 
Cognilion’. The fundamental cognitive operation thal an observer pcrforins 
is Ihe operation oí distinction. üy nicans of this operation thc observer spcc- 
¡fies a unity as an cntity dislinct from a background and a background as llie 
domain in wliich an cntity is distinguished. An operation of distinction, liow- 
ever, is also a prcscriplion of a proccdnrc which, if carricd out, severs a unity 
from a background, rcgardlcss of thc proccdure of distinction and rcgardlcss 
of whether thc proccdure is carricd out by an observer or by another entity. 
Furlhcrmorc, thc prcscriptivcncss of an operation of distinction implics a 
universal phcnomcnalism of distinctions which, through thc spccirication of 
ncw procedurcs of distinction or tluongh Ihcir reenrsive application in thc 
reordering of lile distinguished cnlitics, can, in principie, cndlcssly give rise 
to new simple and composile nnilies, and, henee, to new non-intcrseeling 
phenoincnal domains. Tltus, althongh a distinction performed by an observer 
is a cognitive distinction and, slriclly, the unity tlms spccillcd exists in Ins 
cognitive domain as a description, thc observer in his discutirse specifics a 
metadomain of descriptions Iroin thc pcrspcctivc of which he cstablishcs a 
referencc tlrat allows him to speak as if a unity, simple or composile, cxislcd 
as a sepárale entity tlrat he can characlciize by denoting or connoting thc 
operalions tliat must be performed lo distinguish it. 

In lite pcrspcctivc of a descriptivo metadomain the distinction between thc 
charactcrization of a unity and the obscrver’s knowledge of it tlrat pernuts 
him lo describe it in a conlcxl, sl.ould be clcar. In fací, knowledge always 
implics a concrete or conceptual action in somc domain, and thc rccoguilion 
of knowledge always implics an observer llial beholds thc action from a meta- 
domain. Therefore, when an observer claims knowledge of a System, he churus 
Ihal he can define a incladomain from thc pcrspcctivc of which he can sunul- 
laneously behold thc systcm as a simple unity, describing its intcractions and 
relalions as a simple unity, and its componenls as componenls, describing 
tlicir intcractions and relalions as componenls. In these ciicumslanccs it is 
legitímate to distinguish belwccn the charaeteii/alion lliat an observer makes 
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of a unity, cithcr by poiuting to its propcrtics If it is a simple unity, or by 
pointing to its orgauization if it is a composile une, from the knowledge 
about a unity tlrat he reveáis, cithcr by describing its operation as a simple 
unity if it is a simple unity, or by describing both its operation as a simple 
unity and thc operation of its componenls if it is a composile entity. In either 
case, however, the knowledge tlrat an observer claims of the unities tlrat he 
distinguishes consists iit his Itaitdling of tlrenr in a metadomain of descrip¬ 
tions witlr respcct to the domain in which he characterizcs tlrein. Or, in otlrer 
words, ait observer clraracterizes a unity by stating the corrditions iit whiclt it 
exists as a dislinguishablc cntity, but he cogitizes it oitly to the extent tlrat 
he defines a metadomain in whiclt he can opérale witlr thc entity tlrat he 
clraractcrized. 

Tltus, autopoicsis iit thc physical space characterizcs liviitg systcms because 
it determines lite distinctions tlrat wc can perfornt in our iirteractiorrs wltcn 
we spccify thcnr, but wc kitow tlrenr oitly as lortg as we can both opérate with 
tlreir internal dynamics of States as composile unities and interact with thern 
as simple uitilics iit thc environment in which we behold tlrenr. The fact tlrat 
the charactcrization of an entity is also a description ntade by the observer, 
and as such also bclongs to his dcscriplive domain (‘liiology of Cognilion’), 
docs i to t invalídate lite opcratiomil cffcctivcncss of thc distinctions upon 
distinctions tlrat constituios the metadomain of descriptions iit which tire 
cognitive slatcnicuts are ittadc. The entity clraractcrized is a cognitive entity, 
but oitce it is clraracterized the clraracterization is also subject to cognitive 
distinctions valid iit thc metadomain in which they are rnade by treating the 
charactcrization as an independen! entity subject to contextúa! descriptions. 
Therefore, Ihe compleirrentarities systcm/environment, autonomy/control, 
totality/coiirpositioit, etc., are coittplcnteularilies oitly in our cognition of a 
system tlrat wc observe in a contexl tlrat allows us to eslablish such relalions, 
but they are not constilutive fcatures of the referred system because they do 
not particípale in its constitution through thc ¡nterplay of the properties of 
its componenls. Accordingly, tlrat one shouid not be able to account for or 
deduce aJI actual biological phenomena from the nolion of autopoicsis witlr- 
out resorling tolrislorical contingencics, is not a shorlcoming of such a notion. 
On tire conlrary, it is to be expcctcd because the notion of autopoiesis only 
characterizcs living Systems as antonomous cnlitics tlrat can be distinguished 
as composile unities realized through neighborhood relalions; 

Finally, I would like to add some sociological and cthical comments that 
l considcr follow from thc understaiiding of thc autopoietic organization 
of living systcms. The essay on autopoiesis was supposcd lo Iravc a sccond 






domain proper lo a natural social sysiem. Accoidingly, I propuse Ihat a wnenever i speak ol a social systcm or oí a socicly as a social System of a 

collcclion of autopoictic systcms tliut, Ihroitgli (lie realization ol' tlicir auto- particular kind, I s|>cak of a systcm defined as a systcm by tire organizaron 

poiesis, intcract witli caclt otlicr constiluling and integrating a systcm tlial proposed above. 

opérales as lite (or as a) médium in wliicli tlicy realize tlicir autopoiesis, is (3) A socicly defines the domain in wltich it is realized asa unity. Suclt a 

indlslinguishable from a natural social systcm. Or, in ollicr words, 1 proposc domain may or may not inelude the components of the sociely ilself, and 
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dcmamls from lilmsclf and (rom ollicr mcmbcrs o(' llic sociely lliat lie gen- (lie soeicly lliat a coinponcnt organisin can undergo intcraetlons tliat Jead 

erales and valídales willi Iris conducl. lo ** lc sc lccllon, in ils onlogcny, of a patli of struclural chango not confirma- 

( 6 ) A social syslem is esscnlially a conscrvalive systcm. lilis is so bccausc tory of (lie sociely lliat il integrales. Tliis is wliy social crealivity, as lite 

It is gcncratcd through llic interaelions of slnicturc-dctcrniiucd aiilopoielic gcncration of novel social relalions, always cnlails inlcraclions opcralionally 

Systems apd opérales as a médium llial seleets lite palli ol ontogcnic struclural oulsidc lite sociely, and ncccssarily leads lo llic gcncralion, by llie crealive 
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would not appcar to mallcr becausc Ihcy would not be ablc to desirc sonic- 110,11 l V cm a ,ar S cr surrender of iudividualily and aulonomy lliau ihc incasure 

(liiug else. lllut onu is wi,,i "l5 to «cccpl Coi oncsclf wliile inlegratlng il as an observer, is a 

(12) We as human beings exist in a nctwork of social systems and move product of human art, (hal is, an artificial society that adinits change and 

from one to anotlicr in our daily activitics. Yct, not all human beings cauglit accepts every human being as not dispensable. Such a society is necessarily a 

In the inesli of rclations generated in litis nctwork of social systems parli- non-hicrarcltical society for wltich all rclatíons of order are constitutivcly 
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1IUMURRTO R. MATURANA 


ÜIOLOGY OF COGNITION 


I. INTRODUCTION 

Man knows and his capacity to know depends on his biological integrity; 
furtliermore, lie knows tliat he knows. As a basic psychological and, henee, 
biological function cognition guides his handling of the universe and know- 
ledge gives certainty to his acts; objeclive knowledge seenis possible and 
through objeclive knowledge (he universe appcars systematic and predictable. 
Yet knowledge as an experience is something personal and prívate that cannot 
be transferred, and that which one believes to be transferable, objeclive 
knowledge, inust always be created by the listener: the listener understands, 
and objeclive knowledge appears transferred, only if he is prepared to under- 
stand. Tlius cognition as a biological function is sucli that the answer to the 
qucslioii, 'What is cognition'!’ must arise from understanding knowledge and 
(lie knowcr througli tlie latter’s capacity to know. 

Sucli is my endeavor. 


Epistemology 

Tlie basic claim of Science is objectivity: it attempts, througli the applicatlon 
of a well defined inetliodology, to make statements abóut tlie universe. At 
tiic very root of tliis claim, liowever, lies its weakness: the a priori assurnption 
that objeclive knowledge constitutes a description of that which is known. 
Such assumption begs the questions, ‘ What is il lo know?' and ’llow do we 
know?'. 


Biology 

(a) The greatcst hindrance in the understanding of the living organization lies 
in tlie impossibility of accounting for it by the enunreration of its properties; 
it must be understood as a unity. But if the organism is a unity,' in what sense 
are its component properties it parts? The organismic approach does not an- 
swcr tliis qiicstion, it iiicicly réstales it by insistiug that tlicro aro elcinents of 
organization that subordínate cacli part to tlic wliole and make the organlsni 
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a unlty [Cf. licrtalanffy, 1960]. The qucslions 'llow ¡loes lilis unity ariseT 
and ’To wliat extern musí it be eonsidered a property of llw organization 
of lite organism, as opposcd lo a property cmerging from its moda of lifeV 
rcmain upen. A similar diliiculty cxisls Tur lite underslanding of (lie func- 
tional organization of lite nervous system, particularly if one considcrs (lie 
liighcr functions of man. linumeration of (lie Iransfer functions of all nerve 
cclis would Icave us with a lisl, bul not witli a syslcm capable of abstrae! 
Iltinkiitg, dcscr¡|>tion, and sclf-dcscription. Sucli an approach would beg (lie 
qucstlon, ‘Itow docs llic living organization give rise lo cogniiion in general 
and lo selfcognition in particularV 

(b) Orgauisms are adapted (o tlieir envlronmcnts, and it has appeared ad- 
equate to say of tlicm tliat tlieir organization rcprescnls thc ‘cnvlronnicnl’ 
in wliicli tliey iive, and tliat througli evolution tlicy llave accumulated in¬ 
forma (Ion about ¡t, coded in tlieir nervous Systems. Similarly it lias been said 
that the sense organs gatlier iuformation about thc ‘environment’.and througli 
learnlng tliis informalion is coded in thc nervous system [Cf. Young, 1967). 
Yet tliis general view begs llie qucslions, 'What docs it mean lo “gatlier 
Information"!' and 'What Is coded in the gcnctic and nervous systcmsV. 

A succcssful tlicory of cognition would answcr bolli tiic epistcmological 
and tile biological questions. Tliis I propuse lo do, and thc porposc of tliis 
essay is to pul forward a tlicory of cognition that sliould provide un epis¬ 
temológica! Insight ¡nto thc plicnumcnon of cognition, and an adequate view 
of tile functional organization of thc cognizant organism tliat gives rise (o 
sucli phenomena as conceptual tliinking, language, and self-consciousncss. 

In what foilows 1 sliall not offer any formal dcfinitions for the various 
terms used, sucli as ‘cognition’, ’life', or ‘interaction’, bul I shall let tlieir 
meaning appcar througli tlieir usage. Tliis I shall do bccausc I am confidcnl 
that (lie internal consistcncy of (lie tlicory will siiow that (líese terms indeed 
adequately refer to the phenomena I am trying to account for, and because 
I speak as an observer, and thc validity of what 1 say at any moment lias its 
foundation In thc validity of (lie wliole tiicory, wliicli, I asscrt, explains why 
1 can say it. Accordingly, I cxpcct the complete work to give foundation to 
eacli of its parts, wliicli tlius appcar justified onty in the perspective of (lie 
whole. 

Note: I iliall be speaking of tile organism as a unlty, but wltcn I wrole Ibis essay I was 
not awarc (lint tire worü unlt <ll<l nol ulways quite mean unlty. Sílice I caumit no'w 
corroct Ibis. I beg tho rcudur to be«r tliis In mlml. 


II. THE PRODLEM 


(1) Cognition is a biológica) phenomenon and can only be understood as 
sucli; any epistcmological insight into the domain of knowledge 
requires tliis understanding. 

(2) lf sucli an insight is tu be attained, two questions musí be considered: 

What is cognition as a fuñe don! 

What is cognition as a process 7 
What foilows sliould answer (hese two questions. 
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III. COGNITIVE FUNCTION IN GENERAL 


THE OBSERVER 

(I) Anything said is said by au obscrvcr. In his discoursc tlic obscrvcr spcaks 
to anothcr obscrvcr, who could be liimscir; whalcvcr applics lo lite une 
applics to (lie other as wcll. The obscrvcr is a human hcing, liiat is, a living 
syslem, and whatever applics to living systems applics also lo hit». 

(2) The obscrvcr beholds simultancously Ihe culi (y Ihal he considcrs 
(an organism, in our case) and (lie universe in wliich it lies (Ihe organism’s 
environment). Tliis allows him to intcract independenlly with botli and to 
have inlcractions tliat are ncccssarily oulsidc thc domain oí interactions oí 
the observed entity. 

(3) It is an atlrlbulc of the obscrvcr to be able to intcract independenlly 
with the observed entity and with its rclalions; for him botli are units of 
Inlcrnclion (cnlilics). 

(4) For the obscrvcr au entity is an entity whcu lie can describe it. To 
describe Is to enumérale Ihe actual or polcntial inlcractions and rclalions of 
the dcscrihcd entity. Accordiugly, the obscrvcr can describe au entity ouly if 
Ihcrc is al leas! cinc other entity fiom wliicli he can dislinguish it and with 
which lie can observe it to intcract or relate. Tliis sccoud entity llial serves 
as a refercnce for the descriplion can be auy entity, but the ultímate refcrcnce 
for any descriplion is the observer himsclf. 

(5) The set of all interactions ¡uto which an entity can enter is its domain 
of Interactions. The set^of all rclalions (inlcractions through the obscrvcr) in 
which an entity can be observed is its domain of rclalions. Tiiis taller domain 
lies witliiu the cognilivc domain of Ihe obscrvcr. An entity is an entity if it 
lias a domain of interactions, and if tliis domain ineludes inlcractions willi Ihe 
obscrvcr who can spccify for it a domain of rclalions. The obscrvcr can define 
au entity by spccifylug lis domain of iulciuclious; llius parí of an entity, a 
group of cu ti lies, or Ihcir rclalions, can be made uuits of inlcractions (cnlilics) 
by the observer. 

(6) The observer can define liimself as an entity by specifying his own 
domain of interactions; lie can always rcniain au observer of (hese interact¬ 
ions, which lie can (real as imlcpciidcnt cnlilics. 
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COGNITIVE PUNCTION IN GENERAL 9 

(7) Tlic observer is a living system and an understanding of cognition as a 
bíological phenomenon musí account for the observer and his role in it. 

THE LIVING SYSTEM 

(1) Living systems are units of interactions; they exist in an ambience. From a 
purely bíological point of view they cannot be understood independenlly of 
tliat part of the ambience with which they interact; the niche;nor can the 
uiclic be dcfincd indcpcudcntly of the living system tliat specifies it. 

(2) Living systems as they exist on carlh today are charactcrized by 
cxergouic metabolism.growth and interna! molecular replication, all organized 
in a elosed causal circular process tliat allows for evolutionary change in the 
way the circularily is mainlalned, but not for the loss of the circularity itself. 
Excrgonic metabolism is required to provide energy for the endergonic 
synlhcsis of specific polymers (proteins, nuclcic acids, lipids, polysaccliarides) 
from the corresponding monomers, tliat is, for growtli and replication; special 
replication procedures secure tliat the polymers synthesized be specific, that 
they sliould have the monomeric sequence proper to their class; specific 
polymers (enzymes) are required for the exergonic metabolism and the 
synlhcsis of specific polymers (proteins, nuclcic acids, lipids, polysaccliarides) 
(Cf. Commoncr, 1965]. 

Tliis circular organization constitutes a homeostatic system wliosc function 
is to produce and maintaiu tliis very same circular organization by determin- 
ing that the coinponcnls that spccify it be tliosc wliose synthesis or 
maintcuaiicc it securcs. Furthcmiorc, tliis circular organization defines a 
living system as a unit of interactions and is cssential for its maintenance 
as a unit; that which is not in it is external to it or docs not exist. The circular 
organization in which the components that specify it are those whose syn¬ 
thesis or maintenance it secures in a manner such that the product of their 
functioning is the same functioniug organization that produces thern, is the 
living organization. 

(3) ll is tlic circularity of its organization that makes a living system a unit 
of interactions, and it is tliis circularily that it must malntaln in order (o 
rcmain a living system and to relain its Idcnlity through different Interactions. 
All the peculiar aspeets of Ihe different kinds of organisms are superlmposcd 
on tliis basic circularity and are subservicnt to it, securing its continuance 
through successive interactions in an always changing environment. A living 
system defines through its organization the domain of all interactions into 
which it can possibly enter without losing its identity, and it maintains 
its identity only as long as the basic circularity that defines it as a unit of 
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environmenl, for thc observcd orgamsm thc nichc consiilules Us enlire orgamzauon, uui mey nave oeeu essenuai lor me msioricar iransiorinauon 

domain of interaclions, and as sucli ¡I cannol be parí of llic environmenl of the cognilive domains of thc living syslems on earlh. 

Dial lies cxclusively in (he cognilive domain of lite observer. Nichc and (2) For a cliangc to occur in thc domain of interaclions of a unit of 

environmenl liten, intcrscct only lo (he cxlcnl Ihal Ihc observer (including interaclions withoul ils losing ils idenlily wilh respecl lo llie observer il musí 

instrumenls)’and lite organism Irave comparable organizations, bul even llicn suffer au internal change. Convcrscly, if an internal cl.ange occurs in a unit of 
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12 HUMBERTO R. MATURANA 

Interaclions, without lis losing ils ideiitily, ¡Is domain of inleractions changes. 
A llvlng syslcm suffcrs an ¡Hiemal chango willunil loss of idcntily if Ihc 
prcdlctlons broughl fui til hy Ihc iulcrnal chango are prcdiclions whicli do nol 
inlerfcrc willi ils fundamental circular organizalion. A syslcm changos ouly if 
ils domaiu of interaclions changos. 

(3) Aftcr rcproducliou Ihc ncw unit of interaclions has lite same domaiu 
of Interaclions as Ihc parenial onc only if il has thc same organizalion. 
Conversely, ihc new unit of inleractions has a diffcrcnl domain of inleractions 
only if ils organizaticn is diffcrcnl, and henee, implies diffcrenl prcdiclions 
about thc niche. 

(4) Prcdiclions about Ihc niche are ¡nfcrcnces aboul classesof interaclions. 
Conscqucntly, particular interaclions which are indislinguishablc for an 
organism may be diffcrcnl for an observer if lie has a diffcrcnl cognilivc 
domain and can describe Ihciu as diffcrcnl clcmcnls of a class defined by thc 
conduct of thc organism. The same applies lo interaclions lliat are idcnlical 
for thc organism bul diffcrenl for (llave diffcrenl cffects) its diffcrcnl interna! 
parts. Such inleractions may rcsull in diffcrcnl modilicalions ol thc interna! 
statcs of thc organism and, henee, determine differen! palhs of changc in its 
domain of interaclions without loss of ¡denlily. These changes may bring 
about the production of offspring liaving domains of interaclions differcnl 
from the parcntal ones. If lilis is thc case and a new syslcm llius produccd 
predlcts a niche lliat cannot he actualizcd, it disinlcgrales; olhcrwisc il niaiu- 
talns Its Idcntily and a ncw eyele begins. 

(5) What changes from gcncralion to generalion in the cvolulion of living 
Systems are lliose aspccls of their organizalion which are subservient to the 
maintcnancc of their basic circularily bul do nol determine il, and which 
allow thcm lo rctain their idcntily througli interaclions; lliat is, wlial changes 
is thc way in which thc basic circularily is maintained, and nol ibis basic 
circularily in itselí. The maiincr in which a living syslem is compouuded as a 
unit of inleractions, whether by a single basic unit, or through the aggrcgalion 
of numerous such units (thcmsclvcs living syslems) lliat logclhcr coiislitntc a 
largor onc (mullicclliilar organisms), or still through thc aggrcgalion of these 
compound units lliat form self-rcferring systcms of oven higlier order (insecl 
societics, nalions) is of no signifícance; what evolves is always a unit of Ínter- 
actions defined by the way in which il maintains its idenlity. The evolution 
of the living syslems is thc evolution of the niclics of tlic units of inleractions 
defined by their sclf-referring circular organizalion, henee, thc evolution of 
thc cognilivc domains. 
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COGNITIVE KUNCTION IN GENERAL 

THE COGN1T1VE PROCESS 

(I) A cognilivc syslcm is a syslcm whosc organizalion defines a domain of 
interaclions iu which il can acl wilh rclcvauce lo (lie maintcnance of itself, 
and thc proccss of cognilion is thc actual (inductive) acting or behaving in 
ibis domain. I.iving syslems are cognitive syslems, and living as a process is a 
proccss of cognilion. This slalcment is valid for all organisms, wilh and 
without a nervous system. 

(2) if a living system enters into a cognilivc interaction, its internal State is 
changed in a nianncr relevan! lo its maintcnance, and it enters into a new 
interaction without loss of its idenlity. In an organism without a nervous 
syslcm (or its funclional equivalen!) its intcractions are of a Chemical or 
physical nal uro (a moleeule is absorbed and an enzymatic process is initialed; 
a pholon is caplurcd and a slcp in photosynthcsis is carricd out). For such an 
organism the rclalions holding bctween the physical cvents rcmain oulside 
ils domaiu of interaclions. The nervous system eularges the domain of Ínter- 
aclions of Ihc organism by makiiig its iulcrnal statcs also modifiable in a 
relevan! manner by ‘p ure rclalions’, not only by physical events; the observer 
sces lliat the sensors of an animal (say, a cat) are modified by light, and thal 
the animal (thc cat) is modified by a visible entity (say, a bird). The sensors 
cliange through physical inleractions: the absorplion of light quanta; thc 
animal is modified through ils inleractions wilh thc rclalions tliat hold 
helween Ihc aclivalcd sensors lliat absorbed thc light quanta at thc sensory 
sur face. Tlie nervous system expandí the cognitive domain of the living 
syslem by making possible inleractions wilh 'puré relations'\ it does not 
créate cognilion. 

(3) Allhough Ihc nervous syslcm expands thc domain of inleractions of 
Ihc organism by bringing into Ibis domain interaclions wilh ‘puré rclalions’, 
thc funclion of the nervous syslem is subservient to (he necessary circularily 
of Ihc living organization. 

(4) The nervous syslem, by expanding the domain of inleractions of the 
organism, has Iransformcd (lie unit of interaclions and lias subjccted acting 
and inlcracling iu Ihc domain of ‘puré rclalions’ lo Ihc proccss of evolution. 
As a conscqucnce, Ihere are organisms tliat inelude as a subset of their possible 
iuteractions, interaclions Wilh their own internal States (as States resulting 
from external and internal intcractions) as If these were Independen! entttics, 
gencrating thc apparenl paradox of including their cognitive domain wiltiin 
their cognitive domain. In us lilis paradox is resolved by what wc cali ‘abstract 
tliinking’, aiiolhcr expansión of the cognilivc domain. 







lieighborlng clcmcnls, niay produce dlameler and polarizalion changes at the 
branching zones, and tlius modify the invasibility of the branches by (he 
arriving spikes. 

(4) Al any moment the State oí aclívity of a nerve cell, as represented by 
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specifying liow llicy modify caclt ullicr. Truisiif. lite nervous systcm caimot in aggrcgalcs of cclls. Also, for lite same rcasotts, any given cell may assume 

give risc lo a cotiditcl lltal implics lite concomilaiice of slalcs of aelivily lite same State of aetivily under maiiy difieren! circuntslances of inleractions 

for whleli (Itere is no attalomieal Itasis. As a resttll of lis areltilcclural orgatt- of lite organista. Tltus, under no cireumstances is it possible lo associale lite 

Ization cvcry point in lite central nervous systcm conslilutcs an anatomieal aclivity of any particular cell willi any particular interaction of lite living 
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since thcy, by causing an cffcclor aclivily and gcncraling an inlcraclion, cause bodics onc sc( of relalions. Ilowcver, tliat wliicb llie new slate of relativo 

a cliange In t he slate oí reía tí ve aclivily of lite receptor clcnicuts al lite aclivily rcprcscnls is (lie relalions given in lite inlernal interaciion, and nol 

receptor surl'accs. Tlils has a fundamental conscqucncc: unless tliey imply an independen! sel of relalions or llicir dcscriplion, in terms of somc kiitd of 
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Interaclion. The cooperativo coiuluct Ihal niay dcvclop bctwccn (lie ínter- (he listcncr to a particular inlcraction iu his cognitivc domain thát is relevan! 

actiug organisms frorn tlicse coiniuunicative interactions is a secondary ¡n a particular inanncr (apparent in tlie conduct it generales) that depends on 

process independan of tlicir operativo cffcctivcncss. If it appears acccplablc tlie previous orientalion. Tlie fací lliat it seeins tliat the observer can more 

to talk about transniisslon of inforination in ordinary parlancc, tliis is so casily describe the word are (or any word) by referring to its gramniatical and 
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Interacting organisnis ibrough tlic dcvclopmcrit of Ihc consensual (lomain of prcscnt bcbavior by rccall; notwitbstanding (bis, (lie system itsclf functions 

oricnting intcraclions. Speaking, waikiug, or music-inaking do not diffcr in in (lie prcscnt, and for it Icarning occurs as an alcniporal process of trans- 

(lie nalurc of llic coordinalcd ncuronal proccsscs wliicli spccify (licm bul in forinntion. An organisin cannol determine in advance wlicn lo changc and 

(lie sub-doniains of intcraclions in wliicli (bey aequire tbcir relevante. wlicn not lo cbangc during ils Dow of experience, ñor can It determine in 
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llicm. Ilowcvcr, in thc actual bccomiug of lite living systcni Ibis indepcndcnce 
is inconiplete.on (lie one liaud bccause (lie anatoinical and neurophysiological 
organizaron of (lie brain.by dcteriiiiniug (lie actual possibilities of confluence 
oí difícrcnt States of activily iu it, spccifies both lile domain of possible 
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(iii) how is a given effector performance synthesized that is proccss of transfurmation, and an Initial structuraily specified set of possible 

defined by the rclalive States of activity tlial it generales in lite associalions tliat changcs in an integratcd manner willi the histórica! trans- 

sensory surfaces and in tlie System itself !; and fonnalion ol behaviur [Cf. Lorcnz, I966J. 

(iv) how do the double or triple interna! anatomical projections ( c ) Any inodiílcatiun of llie transfer function of a nerve cell, resulting 
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analomlcal compouenls It docs not llave functioual parís since any niutilatlon 
Icavcs a funcllonlng unil, willi different properties as expressed by its possible 
Inleractlons, bul a unll In Ihc corrcsponding domain. It appears Incomplete 
only for Ihc obscrvcr who beliolds it as an entity fronr the perspective of 
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rclations ihrough wliicli Ihc obscrvcr claiins llial llicsc parís couslilulc a intcrscclion of various classes of inleraclions. Conscqucntly, allhough due 

unilary systcin are rclaliuus llial arisc only llirough hini by Iris siinullancous to thc Irislorical transformador! llicy bave causcd in organisnis, or in llicir 

inleraclions witli Ihc parís and tire inlacl systcnr, and, henee, belong ex- nervous systcins, pasl Inleraclions determine llie Inducllve Inferences (bal 

clusivcly to bis cognilivc dontaln. Tlius, allbougb Ibc obscrvcr can dccompose tbesc make in thc presen!, Iliey do no! particípate in lile induclive process 
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calillo! I>c otlicrwisc. Ihit if ouly a rclativc, arbitrurily choscn syslcm of 
rcfcrcncc is possi ble, llic uuavoidablc lask of man as a sclf-conscious animal 
(lia! can be an observer of ils own cognitive processes is lo explicitly clioosc a 


M<;o‘5SO = =.o^pSS£, 
T3 3 - “’ 3 ==■ ó » 3 “5 — 

■5 = 0 = ?— 2 SraOAvcS- 
^ 2. o c" C •*" w re 3 re ~ o 

E=-E. ¿i — E 5 ce os> O 
r ó S £ ^ 1 --^ 

rr _ t/> 3 ^ ti «ya 3 

Cf § ? £ ce '_ — ^5 — o 

n S- = - cr ~cH^C.cr--' 

o ” ~ * na.. ínijió- 


£ 1 -- 2 =• S r -s=-“5'5=SSíi“ 

> r - S- ~ 5rpi,S^"' < = 3SÉÍ 

§ S ^ £ ■'SsSsÍb-Íc- 85 --:» — 

i" ~ *c re e_ 3 o £. 

> í a >r Jí “• O O ^ C O C ■*» _ 

g- < ^ = eS = °c-^r;-;o->r. £ = 

S. H ís * _ k • r ^ “ =■ e 3 i 5 : jo 

O * — ^ O" tt- « 3 S‘ ta T?) re C *. ce O 

> >• So r» Co^OOE^C o re ^3 O 

■:?:*. ;^rie im^fi - - 

Uh r» II i M s s. s 


^ ^ 2.D-ñ2tj2Q 0 

— <✓> ít m rr. ’Z' — S 2 : os ce c. 

K fsU-C3 ra^P^vC— 5 

3 . — £■ ti G 3 ÍT ~ — t: o — c 

en _ « E;oo 2 wxsisr. = 

p 2 — re ñ'S ^ =' o O <g ** -3 ~ 

-lis 5 2 S 05 *2. c- g- =r f 2 

5 * 05 % S = =. ? = ÉS 

O * i"c.rr£;’ 5 ¡»--rso= 

c£S^‘"nñao = 2 i = = H 

O rt "O crt £o" a r''C"-E‘*^T — 
°o n '< e2 = s. o£.pc3 

• 5 . c ££.£•£ 2 g. g. -> » -> r 

e c -3 2 o~=°cr — “'=3S 

rr — re »» s —■ o —a * w — 3 


« n a *< S S 5 «£. o © o 

■£. c S « o .= s 0 . 2 .-’“ 

CCTJ C^— c(3 — -• 

— c_ r. O }? — o — • o r: 

o y * — rr (a 

"O £ ;• cr ?• - = o a = 

r sí o 0 c ^ TJ ñ —i ST « c 


-Ü w o se £ - 

T3 g -• cr s* _ p =* O A = r. 

CSC O n C C 5’H-^ n W n C — • 

O" C. w ^ (T £ ^ fl C 

O 1 ? £ O *S S. 5.* £ o O 

-;*-£-'enO — — DC — S-'C- 

SBiSOCn p w en en O -»• — 


ce 

< 

re 

3 - & « 
sí 2_ 

O 

— S 

-c 

Irt 

O *« 2. 

5 " *0 re 

O 

51 re 3 
0 0 

O 

D 

m 

ce 

Oro 

S 2 in 

c ** — ' 

5 

: = 8 


—• OQ 

O r B 


ir C x ~ 2 2. 

O _ n. 0 g ^ c: 

S g | 2 I ' 0 i' 

I- §-< = o g 

“ • - ^ CT3 


=■• » E 5. 8 n « = =•£.“• 

«> s. s _ o « = 2 - =• — 




r^í =r 


w w 

11 i 

S CL — 

c o s 
5 3 s 
->S s 
S 5* §. 


c _. *r» 

: = s 

O O 2 

rP 3 £L 

2 o* 

S £ 3 


c S ^ 
c « —, 

"S-S § 

ft M 

t; *d r. 

• o re o 

. “ £L = 


o ca 2 
cu O 

5" f rc 

■* O S5‘ 

ti r- 

£. i§_ 3 - 


~ o 
S? — . C * 
r. 3 H- 
r. = re 

| 5 1 

ff 5g 

— O' tí 


Srl 5 

: 1 w 

2 HT *< 


- 2 =• C t; 


*« o £. 

§- g- S 

sn s: — 

2 C- íe 

< ^ in 

2 : b 

x 5 3 - 
c S V 

~ ce 

^ S (A 

« c. 5* 


1 é- = § 3 »I 

" S 2 = 2 - ” 

«■ ; e. ? 2 5 ^ 

£ t? — re ^2 

n £• *< o *" ~ 2 

£?íÍ"Sc 

8 = g-3«8S- 

— n — 2. 

ca •. 3r ~ 

r; — <« 3 : 3 n> c 

o < o •" £• —1 = 

c S o ti — c jr 

<£. 3 8 I?' = ~ 

- =• r o c c- 

— 3 c r> ^ K 

C o — -1 5 0 = r 

Í § §. & 3 g- \ 

<• 3. n = £.2 5 

« = "525 = 

5' ® g" Í. -• " £ 

Sv;3-=on-, 

o o 0 — S -■ o 

=■• S- 3 3 2. EL c 

O ti S o T» Crt 

3 3 fti c ^ 51 5 

í fi " ' 5 = =' 

3: o ’£. 2 . —■ 00 

=• o. 3 2 . 3 o — 

—■ O _ 7 ^ 00 3 ir 

3 3 3. O 03 •• o 

_ 1P •" o c — 

s" S' ar 5 J =. 

£. o 2- 2. 3 S 

e. 2 1 § I = 

O C- *-• v> £ 3 

3 re C 3 ® «ü 

3 % 1 o- C 

Bi O en «n 3 - 

- 3 * 5 ’ 5 - • ^ S. 

— C « « 2 . O 


*- Sr <P 

¡ S- 5- 3 









B3 O « ~ X C - ÍL y ^ W 
X. 3 X "O CT <V ^ ^ 3 

l , ^?H:|&Íl- § Ío 

1 ñüs-í"#*! 2 ' 

=-“c<_ = ^ ? 2 


®s. «*r uw ;rx‘c»=“.x« 
^^-ox^SP — r*** 3 

S"~o" - 0'-* r ” ® g 

í „ S c c S S 5 í 

O t§ O Js-s® 3 » 8 

— 2 2¡«“<5'c r uo' 

as-r;n íñ»5S 

C“ c ? 3 U O ^ c*¿¡ 

»»o"'-;Sé£.2 
wo ‘ w 2 G w r^. *—■ E. 3 
= '~ t ’<»3.g= : c5«“ 
c- ZT —1 O 3fi _ 3 —. a C 

= K’ 5 5 £. g. u S ^ £ T 1 

^I^ ñ "l”í = sl- 

lír^s^li !?- 8 

— ■ rj O rj 3 ^ *H 

= |^“^ & 5 io¿; = =: 

Í CU C O BJ —. C3 _.. rr V* 

- 2 £. q "O £ £ C* r ^ 

|riM S -S^-|o S |- 
-=--SE.S3o ge — 

° ññ n —• B 2 s P « O 
Í 00 2 .^oK 5 _=:=^_ 
“3 : ?2.Sw = 0 '='rs 

X ° £ « S= 3 £. S* oa o 
c/> X 3 *< ^^3- — 


Sí E £ *— ** 
6 « O £ c — 

w £ £_ x 5 % ° 


pi y* 3 “* , * cj 

3 sr X 3- W w £ 3 A 5» 

X « £ o r=s £.s*oa g* 

c/> X. 3 *< ^^ — — 

w — ti — c < 

— « c. —, o 3 c £ *< 

3‘X. O Oort^IT 5 -'** 

^l-í l'ís =5 
o S. 8 (g o s h “ j| h; 
STo f?8? s S.’S-S. 








API’UNUIX: The Netvous System 



TABLE OF CONTENTS 






•u*u*u*ü*u*u*u*u*u*u*u*u*u*u*u*u 


STAFFORD BEER 


l'KEFACU 


Tliis small book is very large: it contatos the living unlverse. It is a privilege 
to be asked to write this preface, and a delight to do so. That is because I 
recognize here a really important book, both to general and specifically. 
Before talking about the specific contents at all, I would like to explain why 
this is in general so. 

IN GENERAL 

We are the inheritorsof categorized knowledge; Iherefore we inherit al so a 
world view tlial consists of parts strung together, rathcr tiran of wholcs 
regarded through dlfferent sets of fllters. tlistoricaiiy, synthesls seems to have 
been too much for the human mind — where pratical affalrs were concerned. 
Tire descent of the synthetic inethod from Plato througli Augustine took 
men’s pcrceplion inlo iitcrature, art and mysticlsm. Tlie modern world of 
Science and tcchnoiogy is brcd froni Arlstollc and Aquinas by anaiysis. The 
calcgorizalion that took huid ol medieval schoiasticisin has really lasted it 
out. We tnay scc with hindsight that the historie rcvolts against the scholastics 
did not shake free from the shackles of thelr reductionism. 

The revolt of the rationalists - Descartes, Spinoza, Leibniz - began from 
a principie of ‘methodical doubt’. But they beca me lost in inechanlsm, 
dualism, more and more categorization; and they ended in denying relation 
altogether. But relation is the stuff of system. Relation is the essence of 
synthesis. The revolt of the empiricists — Locke, Berkeley, Hume — began 
from the nature of understanding about the environment. But anaiysis was 
slill the inethod, and categorization still the practical tool of advance. in the 
bizarro outeome, whcrcby It was the empiricists who denied the very exlstcnce 
of the empirical world, relation survived - but only through the concept of 
mental association between mental events. The system *out there’, which we 
cali nature, liad been annihilated in the process. 

Uy the time Kanl was devoling bis prodigious mind to sorting all this out, 
tlie battle was lost. If the, quoting him, unconscious understanding organizes 
sensory experience into schemata, whiie conscious understanding organizes it 
into categories, the notion of idenlity remains for Kant forever transcendental. 


Kcpruduccd by klnd permistión of Slr Stnfford [leer 
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Now thc Individual has vanislicd, in prnclical tcrins; as (o thc asscmblagc 
of individuáis callcd socicty, <lint loo has vanishcd inlo a transcendental 
construct. Wc ha ve no need lo Icgislnlc Ihrough any conscnsits til' actual 
pcoplc, bul only lo mecí needs llial might llave arisen from thc iiouiiicnal 
wlll. 

And what of Science ilsclf? Science ¡s ordered kuowledge. lt began wilh 
classiPication. From Calen in thc sccond ccntury Ihrough to Llnnaens in the 
eighleenth, analysis and categorizalion provided the natural instrunienlalily 
of scientiftc progress. Ally litis fací witli thc I kground of philosophical 
thouglit, and thc scene is set lor thc inexorable dcvelopmcnt of thc world 
view that is so difficull lo challenge today. Il is a world view in whicli real 
syslcuis are aniiihilatcd in Iryiug lo nndcrstaiid llicni, in wliicli rclalions are 
lost becausc llicy are not calcgorizcd, in wliicli synlliesis is relegated (o 
poctry and inyslicisni, in wliiclt idctilily is a polilical infcrence. Wc tuay 
inspect the rcsult in thc slructure and organizaron of (lie contcmporary 
unlverslly. 

lt Is an Iron niaidcn, in wliose sccurc embrace scholarship is Irapped. For 
many, thls is an entirely satisfactory situation, just because tlie embrace is 
secure. A man wlio can lay claim to kuowledge about some categorlzed bit of 
thc world, howcvcr liny, wliicli is grcalcr Iban iinyonc clse’s kuowledge of 
tliat bit, Is safe for lifc: reputalion gmws, paranoia deepens. The iiitmlicr of 
papers Ulereases cxponcnlially, kuowledge grows by infinilesiinals, bul 
undcrslaudiiig of thc world actually recodes, becausc lite world really is an 
interacling syslcm. And sílice thc world, in many of ils aspeéis, is chaiigiug 
at an exponcnlial rale, Ibis kind of scholarship, rooted in thc hislorical searcli 
of its own sanctificd calegorics, is in laigc parí unavailiiig to (lie uccds of 
man kind. 

Hiere has bcen some recognilion of Ibis, and inler-disciplinary studies are 
by now comnionplace in every universily. Dut will Ibis deal witli the problem? 
Unfortunalcly, it will not. We slill say llial a gradúate must have bis ‘basic 
discipline’, and Ibis lie is solcmnly tauglil — as if sucli a tliing liad a precise 
environnicutal corrclalc, and as if wc know llial God kncw llic diffcrcncc 
belween physics and chcmislry. lie Icarns also llic acadcmic mores, calchcs 
the instilutioiial paranoia, and procccds lo propágale the wliole busiuess. 
Thus it Is tliat an ‘inlerdisciplinary sludy’ oflcn conslsts of a group of dis- 
ciplinarians holding liands in a ring for mutual comfort. The ostensible topic 
has sllppcd down thc lióle in the iniddlc. Aniong tliosc who recognize tliis 
too, a natural cnougli debate has eiisucd 011 llic subjecl: can an undcrgradualc 
be lauglit ‘inlerdisciplinary sludies* as hls basic subject? Uut there i sino suclr 
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subjcct; there is no agreement on wlial it would be like; and we are rather 
sliorl ofauyonc nualificd lo do thc Icaching. Tliose who rcsisl the wliolc idea, 
In my view correctly, say llial it would endanger llic uorms of good scholar¬ 
ship. There is a dcadlock. 

Againsl lilis background, let us consider Autopoiesis, and try to answer the 
i|ucstion: ‘What is it?’ The aulliors say: “Our purpose is to understand the 
organizalion of living syslems in relallon to tlieir unitary characler”. If the 
book dcals witli living Systems, tlicn it must be about biology. If it says 
anything scicntinc about organizalion, it must be about cybemetics. If it can 
recognize llic nature of unitary characler, it must be about epistemology - 
and also (rcmemberiiig the first author’s massive contribulion to the under- 
slauding oí pcrception) it will be about psychoiogy too. Yes, it is indeed 
about all llicsc lliings. Will you liten cali lilis an inlerdisciplinary study in the 
ficld of psychocyberbioepistemics? Do so only if you wisli lo insult the 
aulliors. üccause tlieir topic has not slippcd down the lióle ¡n the middle. 
Tliciclore it is not an inlerdisciplinary study of (lie kind defined. II is not 
abouI analysis, bul synthcsis. II docs not play thc Carne of the Catcgories. 
And it does not interrelate disciplines; it transcends them. If, because of my 
remarks about Kant, Ibis seems to say that it anniliilatcs tlicm, llien we are 
gclling sonicwlicre. 

Fot Hiere resilles my bclicf in llic book’s general imporlancc. The dissolu- 
•ion of i tic dcadlock witliin llic diseiplinary syslcm llial 1 dcscrlbcd above has 
gol lo be mc'/nsyslcmie, nol mercly iulcrdiscipllnary. Wc are not intcrcslcd in 
lorming a Icaguc of diseiplinary paranoids,but(as llegcl could llave lold us) in 
a liighcr synthcsis of disciplines. What emerges in tliis book is not classifiable 
under thc oíd calegorics. Thcrcforc il is prediclable that no universily could 
couiaín it, allhough all univcrsilics can and now do conlaiu interdísciplinary 
inslitutions — because, in llial very word, suitable obeisance is paid to the 
hallowed calegorics, and no one cares if the answers slip down the lióle üi the 
middle. As to the prediction that universities cannot contain tliis kind of 
work, I have orlen scc il ruirillcd. In the presenl case it is falsificd, and I ofícr 
hcartfclt congratulations to llic Universily of Chile. 

I say ‘hearlfelt’ for lilis rcason. In (he iiiounling pile of ncw books prinlcd 
every year that are properly called scienliric, one may take liold of one’s 
candic and scarcli like a vcrilablc Diogcucs for a single one answeririg to the 
lioncst critcria I have proposed for a niclasystcniic ultcrancc. There is only a 
handful in exislcnce at all, wliicli is nol surprising in view of the way botli 
kuowledge and academia are organized. And yet, as 1 have also proposed, 
liercin lies the world’s real need. If we are to understand a newer and slill 
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evolving world; ¡f we are to edúcate people to Uve in that world; if we are to 
leglsiate for that world; If we are to abandon categorics and institutions that 
belong to a vanlshcd world, as It is wcll-nigh dcspnrate that wc should; tiren 
knowlcdgc niust be rcwrlttcn. Autopoiesis bclougs (o thc ncw librar y. 

1N PARTICULAR 

The authors first of all say that an autopoietic System is a homcostat. We 
alrcady know wlrat that ¡s: a dcvice for holditrg a critical systcmic variable 
wiüiirt physlological linrits. Thcy go ort to the dcfinitivc point: in thc case of 
autopoietic honreostasis, the critical variable is the systeir ’- own organization, 
It does not matter, il seems, whether cvery nreasurabte property of that 
organizational structurc changes utterly in thc system’s process of continuing 
adaptatlon. It survivcs. 

Thls Is a vcry cxciting idea to me for two rcasoits. In the first place it 
solvcs the problcin of idcntity wlrich two tlrousand ycars of philosophy llave 
succecdcd only in furthcr confounding. The scarclr for thc ‘it’ has led farther 
and farther away from anything that common sense could cali rcality. Tlic ‘il’ 
of scholastlcism is a mythological substancc in wlrich anything attested by thc 
senses or tcstablc by Science inheres as a mere accident — its existcnce is a 
matter of faith. The 'it* of rationalism is unrcalisticaliy schizophrenic, becausc 
It Is unconrpromising in its duality - extended substancc and thinking sub- 
stance. The ‘It’ of cmplricism is unrcalisticaliy Insubstantial and cphcmcial at 
the same time - csse est percipi Is by no nicans the verdiet of any cxpcricncing 
human bclng. 

The ‘It* of Kant Is the transcendental ‘tliing-in-itsclf’ — an untcstablc 
Inference, an intellcctual gcwgaw. As to thc ‘it’ of science and teclmology in 
the twcntielh ccntury world of conspicuous consumption ... ‘it’ sceins to be 
no more than the collcction of epiphenomena wliicli mark ‘it’ as consumcr 
or consumed. In this way hardheaded rnatcrialism seems to make ‘it’ as 
insubstantial as subjective idealism made it at the turn of the seventeenth 
century. And this, the very lates!, the most down-to-earth, lnterpretation of 
‘it’ tlie authors explicitly refute. 

Tliclr *it’ Is nolificd precisely by its survlval in a real world. You canirot 
find it by analysis, bccause its categorics may all llave changed since you last 
looked. Hiere is no necd to postúlate a mystical something whicli ensures the 
preservation of idcntity despite appcaranccs. The vcry continuation is ‘it’. At 
Icast, Lliat Is my iindcrstanding of thc authors’ tlicsis — and I note witli sume 
glee that this incans that Disliop lierkclcy got the precisely rlglit argument 
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precisely wrong. He contended that something not being observed goes out of 
existcnce. Autopoiesis says that something that exists may turn out to be 
iinrccognizablc wlicn you next observe it. This brings us back to rcality, for 
that is surcly truc. 

The sccoiul rcason why thc conccpt of autopoiesis excites me so mucli is 
that it involves the dcstruction of tcleology. Wlien this notion is fully worked 
out and debated, I suspect it will prove to be as importan! in the history of 
the philosophy of Science as was David Hume’s attack on causality. Hume 
considcred that causation is a mental construct projected onto changing 
events wliicli liavc, as we would say today, associatcd probabilitics of mutual 
occurrence. I mysclf llave for a long time bcen convinced that purpose is a 
mental construct imported by the observer to explain wliat is really an 
cquilibrial phenomenon of polystable Systems. The arguments in Chapter II 
appcar to me to justify (Iris view complctcly, and I leave ihc reader to erigen- 
der Iris own cxcitement in thc discovcry of a ‘purposelessness’ that nonetheless 
inakes good sense to a human being - just bccause he is allowcd to kcep bis 
idcntity, wliicli alone is Iris ‘purpose’. It is enougli. 

lint that salóte lo thc authors is also sclf-congralulation, and I turn quickly 
aside. If a book is important, if at any time and from any source Information 
is reccived, tiren something is changed - not tnercly confirmed. Thcre are two 
arguments in this book that liavc changed me, and one of tliem effected its 
eliange after a profound inward strugglc. Pcrhaps this parí of tire Prcface 
should be printed as an epilogue: if I am not saying cnougli to be understood 
in advanee of thc rcading, tiren I am sorry, lt is loo mucli to liopc tlrat the 
reader will rcturn. 

People who work with systems-tlreoretic concepts liavc oíten drawn atten- 
tion lo the subjective nature of ‘the system’. A System is not something 
presented to the observer, it is something recognized by him. One of the 
conscquences of this is that the labclling of conneclions betwccn thc system 
and its ciivironment as eitlicr inputs or outputs is a process of arbitrary 
distinction, Tliis is not very satisfatory. For example, a motor car in action is 
cvidcntly a system. Suppose that it is recognized as ‘a system for going from 
A to B', llicii the water in the radiator is evidently an input, and displacement 
is cvidcnily un ouiput. Now conslder tiic following sccnarlo. Two men 
approach a motor car, and pusli it towards a second motor car. They tiren 
coimcct tlie batteries of the two cars with a pair of leads, and the engine of 
the first car fires. Thcy disconncct thc leads, and run thc engine liard in 
neutral gcar. Wc can guess what thcy are doíng; bul how is the objcctlve 
scicnlisl going to describe that system? Displacement Is evidently an input, 









tion’. On first rcailing, lilis sccmcd lo me plaiuiy wrong. In lite iiuinkcrcd kiiown lilis, or ouglil lo llave knowu it, evcr sincc Hiroshima. Bul agai» lilis 

Paragrapli (v) of Scclion 3 of Chapler IV llicy say: “Nolious sucli ascoding, book givcs us llic llicorclical basis for a vicw Dial rniglil olhcrwise sliroud 

nicssagc or iiifoiinalion are nol upplicaliic lo llic pliciionicnoii of sclf-rc- soiiiclliing f'uiidaiuculal in a cloak of mere prudcncc. ‘‘No posllion or vicw 

production”. Wrong again, i considcrcd; indeed, oulragcous — cspccially wben llial lias any relé vanee in llie domain of human rclalions can be decnied free 
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adaptatlons; and tlicy can be hclpcd by good scicnlisls usingsystcnis-lhcorctic 
modcls'. Stupid politicians do uol undcrstaud wby social institutions do nol 
lose tliclr Idenlitics ovcrnight wlicn (bey are prescutcd with pcrfectly logical 
rcasons wby thcy sbould; and thcsc are hclpcd by bad scientists wbo dcvolc 
thelr effort (o developing Ibat irrclcvant logic. 

In an era wbcn rapid institutional cliangc is a prcrcquisitc of pcaccful 
survlval In (lie face of cvery kind of cxponcntially risiug tbrcal, it secms (o 
me (bal (lie architccts of cliangc are making (he sanie niistakc all ovcr (lie 
world. It Is (bal thcy pcrceive (lie systeni at tbcir owii level of rccursion (o be 
autopoietic, wbicli is becausc (bey idcntify Ibeniselvcs witli (bal systeni and 
know tbemselvcs (o be so; bul (bey insist on (reatiug (lie syslcms tlieir sys(em 
contains, and tbose witliin wliicli tlieir systeru is ontained, as allopoielic. 
Tliis is allowablc in ternis of scientific dcscription, wiien (lie iuput and outpul 
surfaces are corrccdy dcfined. Nonedicless it is politically blind (o react 
towards (lie container and contained syslcms iu a way wliicli makcs sucii a 
niodcl cvldent, becausc at tbcse otbcr levéis of rccursion (lie relevant systcins 
percelvc tbcinsclvcs as autopoietic too. f 

Tliis statcnicnt secms to be wortli making. I could not liavc niadc it so 
siicclnctly wlt bout (lie language dcvclopcd in tliis book. I could not liavc 
formulatcd It at all wltliout (lie ncw couccpts lliat Humberto Matmann and 
Francisco Vareta liavc tauglit me. I tliank tbcm botli very mucli, on bclialf 
of everyonc. 
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So long as ideas of (he nature of living things 
reniain vague and ill-dcfincd, it isclcarly inipossible, 
as a rule, lo distinguisli bctwccn an adaptation of 
lite organisni to thc environment and a case of 
lilncss of tlic environment for lifc, in thc very most 
general sense. Evidcntly to answcr such questions 
wc must possess clcar and precise ideas and definí- 
lions of living things. Life must by arbitrary 
process of logic be changed from tlie varying thing 
wliich it is into an indcpcndcnt variable or an 
invariant, shorn of rnany of its most interesting 
qualitics to be sute, but no longer inviting fallacy 
tiirough our inability to pcrceive cieaily tlie 
questions involved. 


Ilcndcrson, The Filness of the Environment 


AUTOPOIHSIS 
The Organization of the Living 
INTRODUCTI ON ' 

A universo comes into being wbcn a spacc is severed into lwo. A unity is 
defined. The dcscription, invention and manipulalion of unilies is at tbe base 
of all scientific inquiry. 

In our cotnmon cxperience we encounter living systems as unities tliat 
appear to us as autonomous entities of bewildering diversity endowed with 
lite capacity to reproduce. In diese encounters autonomy apears so obviously 
an essential feature of living systems tliat wlienever somethiiig is observed 
tbat secms to liavc it, tbe naive approacb is to deein it alive. Yet, autonomy, 
altliougb cotidnuously revealed in thc seif-asserting capacity of living systems 
to maintain tlieir idemity tlirougli the active compcnsallon of deformations, 
secms so far to be thc most elusive of tlieir propertics. 

Autonomy and diversity, thc maiiitcnancc of Idcntity and the origln of 
variatiou in lite modc in wliich tliis identity is maintained, are tbe basic 
cliallenges presented by tile phcnomenology of living systems to which men 
llave for ccnturics addrcssed tlieir curiosity about Ufe. 
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In tbe senrcli for nn uudcrstnndiug of autonomy classic tbougbl, dominatcd 
by Aristotle, crcalcd vilalism by ciulowing living systcms witli a non-material 
purposeful driving componen! lita! atlained expression llirougli lite rcalizalion 
of tliclr forms, Aflcr Aristotle, and as varialions of bis fundamental nolions, 
tbe hlstory of biology records many ¡beoríes wlricb altempt in one way or 
anotber to eucompass all tbe pbcnomcnology of living systcms under sonic 
peculiar organizing forcé. Howcvcr, tire more biologisís lookcd for tbe cxplicil 
formulatlon of one or otlicr of tbese spccial organizing forccs, tbe more tbey 
were disappointed by finding ouly wliat tbey could find auywbcrc elsc in tbe 
physical world: moleeules, potentials and blind material inlcractions governed 
by aimlesspbysicallaws.Tbencc, under tbe pressure of unavoidablc experience 
and tire definite tbrust of Cartcsian tbougbl a differci outlook emerged, 
and mechaniclsin gradually gained tbe biological world by insisting tlrat tbe 
only factors operating in tbe organizalion of living systems were pbysical 
factors, and tbat no non-matieral vital organizing forcé was necessary. In fací, 
it scems now apparcnl tbat any biological pbcnomcuon, once propcrly 
deílncd, can be dcscribcd as arising from lile interplay of pbysicocbcmical 
proccsscs wbose rclatious are spccificd by tbe conlcxl ol its delinition. 

Diversity bas bccu removed as a source of bcwildcrmcnt in tire under- 
standing of tbe pbcnomcnology of living systcms by Oarwimau tbougbl and 
partlculalc gcnctics wblcb bave succccded in providing an cxplanation for il 
and its origin witbout resortiug to any peculiar dircctiug forcé. Yol, tbe 
influence of tbese nolions tbrougb tbeir cxplanation of evolulionary cbange, 
bas gone beyond tbe mere accounting for diversity: it bas sbifted complclcly 
tbe cntpbasis in tire evalualion of tbe biological pbcnomcnology from tbe 
Individual to tbe spccies, front tire unity to tbe origin of its parís, from tbe 
presen! organizalion of living systcms to tbeir ancestral determinution. 

Today tbe two sircaras oí tbougbl represented by tbe pbysicocbcmical 
and tbe evolulionary cxplanatious, are braided logetber. Tbe molecular 
analysis scems to allow for tbe undcrslandiug of reproduction and varialion, 
tbe evolulionary analysis scems lo account for bow tbese processcs miglrl 
bave come luto being. Ap|>arcntly wc are al a point in tbe bistory of biology 
wberc tbe basic difficultics bave bccit removed. Hiologists, bowcvcr, are 
uncomfortable wltcn tbey look at tbe pbcnomcnology pf living systcms as a 
wbolc. Many inanifest ibis discomfort by refusing to say wlrat a living syslem 
Is. Othcrs altempt to encompass present ideas under comprcbensive Ibcories 
governed by organizing nolions, likc cybcrnctic principies, tbat rcqulrc from 
tbe blologists lite very underslanding tbat tbey want lo provide. Tbe ever 
present question is: ‘Wbat is common to all living systcms tbat wc qualify 
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Ibcm as living’; if not a vital forcé, if not an organlzittg principie of some 
kind, wlrat tiren? To takc only a notable rcccnt cxample let us mention J. 
Mottod’s book Le hasard et la necessilé. He tries to answer Ibis question bul, 
following tbe empbasis of evolulionary tbouglrt, be postúlales a leleonotnic 
organizalion of molecular nalure and tbe subordination of tbe organizalion 
of tbe individual lo a plan defined by tbe spccies, in wbicb tbe invariance of 
reproduction is determinan!. Yct, tcleonomic and evolulionary nolions Icavc 
tbe question of tbe nalure of tbe organizalion of tbe living unity esscnlially 
unloucbcd. 

Our endeavor is to disclose tbe nalure of tbe living organizalion. However, 
in our approacb we ntake a starling point of tbe unitary clraracter of a living 
systein, aitd rnaintain tlrat tbe evolulionary tbouglrt tbrougb its empbasis on 
diversity, reproduction and tbe species in order to explain tbe dynamics of 
cbange bas obscured tbe necessity of looking at tbe aulonomous nalure of 
living unilies for tbe understanding of thc biological pltcnomenology. Also 
wc lliiitk tbat tbe maintenance of idenlity and tbe invariance of defining 
rclatious in tbe living unitics are at tire base of all possiblc onlogcnic and 
cvolutionary Iransformalioii in biological systcms, and Ibis wc iutcird lo 
explore. Tlrus, our purposc is: to understand tbe organizalion of living 
systcms in rclation to tbeir unitary clraracter. 

Our approacb will be mcclianistic: no forccs or principies will be adduccd 
wbicb are tro! l'ound in tire pbysical universe. Yet, our problcm is tbe living 
organizalion and tlrerefore our iuterest will not b.c in properlies of com- 
poncnls, bul in processcs and relalions bctween processes realized througir 
coniponciits. Tlris is lo be clearly undcrslood. An explauatioir is always a 
reformulation of a pbenomenon sbowing bow its components generate it 
tbrougb tbeir inlcractions and relalions. Furtbcrmore, an explana (ion is always 
given by us as observers, and it is central to distinguisb in il wlrat pcrlains to 
tire syslem as conslilulivc of its pbcnomcnology from wlrat pertains to our 
domain of descriplion, and bence to our interactions wilb it, its components 
and tire context in wbicb il is observed. Since our descriptivo domain arises 
bccausc wc simullancously bcliold (be unity and its interactions in (be domain 
of observaron, nolions arising in tire domain of descriplion do not pertain to 
tbe constitutive organizalion of Ibo unity (pbenomeuoii) lo be explaiued. 
Furtbermore, an explanation may take difierenl forms according to (lie 
nalure of tbe pbenomenon explaiued. Tlrus, to explain tbe movemenl of a 
falling body one resorts to properlies of nratter, and to iaws tbat describe 
tbe conduct of material bodics according to tbese properlies (kinetic and 
gravitalional Iaws), wliilc lo explain tire organizalion of a control plant one 
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resorts lo relations and laws (hat describe llic conducl of relations. In tire firsl 
case, the elemcnls used iu llic explanalion are bodies and tlicir properlies; in 
tire second case, lliey are relations and llrcir relations, indcpcndcnlly of 
tire nalurc of tire bodies llial satisfy tlicnr. As in tisis laltcr case, in onr 
explanatlon of tire organization of iiving systenrs, wc sltall be dealing willr 
tlie relations wlriclr lite actual physical componcnls nrust satisfy to conslitute 
one, not willr tire ¡denlificalion of tírese comporteras, il is our assumplion 
that títere is ait orgaitizalioii lltal is continoit lo all Iiving systenrs, wlticlicvcr 
tire nature of llrcir componcnls. Sílice onr snbjcct is lilis organization, not tire 
particular ways in wlricli il nray be realizcd, wc slrall not nrakc distíirclions 
betwcen classes or types of Iiving systenrs. 

Tlrls mode of llilnking is not new, and is explicitly relaled lo tire very 
ñame of ineclianicisiii. We ntainlain llial Iiving systenrs are machines and by 
doing tliís we poinl al sevcral notions wlriclr slrould be niadc explicil. birst, 
we irnply a non-aniniistíc view wlricli ít slrould be unneccssary to discuss any 
further. Second, wc are cnipliasizing tlral a Iiving systcnr is dcfiiicd by its 
organization and, henee, llial il can be cxplained as any organization is 
explained, that is, in tcrins of rclalious, not of eoinpoitcnl properlies. Finally, 
we are póhrling oul froirr tire slarl tire dynaiiiisiii apparcnl in Iiving systenrs 
and wlüch tire word 'machine’ connotes, 

We are asking, tiren, a fundamental queslion: ‘Wbat is the organization 
of Iiving systenrs, whal kind of machines are lliey, and how is llrcir plicnoinc- 
nology, including reproduelion and cvolution, dctcrniincd by tlrcii uitilary 
organization?’ 


ClIAPTliR l 


ON MACHINES, LIVING AND OTIIERWISE 


I. MACHINES 

Machines are usually viewcd as concrete hardware systenrs, defined by tire 
nalurc of llicir componcnls and by tire purposc that lliey fulfill in tlreir 
operations as nian-madc arlifacts. Tlris view however is obviously naive 
bccausc il says nothing about how they are constiluted. That machines are 
unitics is ap|>arenl; that lliey are inade of componcnls that are characterized 
by cerlain properlies capable of salisfying cerlain relations that determine in 
the unily tire inlcraclions and transfornrations of tírese same components 
is also apparcnl. Wliat is not so apparcnl is that the actual nature of (lie 
coniponcnts, and the particular properties that tírese may possess other (han 
tiróse participating in the inleractions and transfornrations wliiclr conslitute 
tire systcnr, are irrclcvant and can be any. ht fací, the significan! properlies 
of Ihc components nrust be lakcn in Icrins of relations, as lile nclwork of 
intcractions and Iransforniations inlo wlriclr they can caler in the working 
of the macliinc wliiclr lliey intégrale and conslitute as a unily. 

The relations that define a machine as a unily,and determine the dynamics 
of inlcraclions and (ransfornialions wlriclr il may undergo as sucli a unily, 
conslitute tire organization of tire machine. The actual relations wlriclr Itold 
among lite components wlriclr intégrate a concrete machine in a given space, 
corislilutc its structure. The organization of a machine (or systcnr) docs not 
spccify lite properlies of tire componcnls wlriclr realize the machine as a 
concrete syslem, it oniy spccifics the relations whicli tírese must genérate to 
conslitute tire machine or systcnr as a unily. Thercforc, (he organization of 
a machine is independen! of the properties of its components which can be 
any, and a given machine can be realizcd in ntany different manners by ntany 
different kinds of components. in other words, although a given machine can 
be realized by ntany different struelures, for it to conslitute a concrete entity 
in a given space its actual componcnls musí be defined in that space, and have 
lite properties which altow tlicm lo generale the relations which define il. 

The use lo wlriclr a machine can be put by ntan is not a fcature of the or¬ 
ganizaron of tire machine, bul of the donrain in which tire machine opérales, 
and helongs lo our dcscriplion of (lie machine in a contcxl wider Iban Ihc 
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machine llsclf. Thls Is n slgiilllcuiil nntinn. Man nutdc machines are all ilude 
wlth sume purposc, praclical or not, bul willt somc aim (cvcu if il is only lo 
anuí se) tliat man spccifics. This aim wsiially appears expressed iu lite product 
oí (lie operalion oí lite machine, bul nol neccssarily so. Ilowever, we use lite 
notion of purpose when lalking of machines bccausc it calis inlo play Ihc 
imaginalion of Ihe llstcncr and reduces Ihc explanalory lask in llie efforl of 
conveying lo lilm tire organizalion of a particular machine, ln olher words, 
witlr Ihc nolion of purposc we induce ihc lislcncr lo inven! ihe machine we 
are lalking aboul. This, howcvcr, should nol Icad us lo believe lira! purposc, 
or aim, or funclion, are conslitulivc propcrlics of Ihc machine wltich we 
describe willt lltem; such nolions are intrinsic lo lite d<"<tain of observatiou, 
and cannol be used lo characlerize any parlicular lype oí machine organiza- 
don. Tlte produel of Ihe operations of a machine, howcvcr, can be used lo 
this end in a non-trivial manner in lite domain of dcscriplions generated by 
Ihe observer. 

2. LIVING MACHINES 

Tltal llvlng syslems are machines cannol be sltown by poiuting lo Ihcir 
componen Is. Kulher, une musí show Ihcir organizalion in a manner such (huí 
lite way In wltich all ihcir peculiar propcrlics arisc, bccomcs obviotts. In order 
lo do litis, we símil First characlerize lite kind of machines thal living syslems 
are, and liten show how lite peculiar propcrlics of living syslems inay arisc as 
consccpicnccs of lite organizalion of litis kind of machines. 

a. Aulopoietic machines 

Títere are machines wltich maintain conslant, or witliln a limited tange of 
valúes, somc of Ihcir variables. The way this is expressed in lite organizalion 
of lítese machines musí be such as lo define lite proccss as occurring com- 
plctcly witilín lite boundarics of lite machine wltich thc very same organizalion 
specifies. Suclt machines are homcoslalic machines and all fccdback isitilcrital 
lo lltem. lf onc says lltal Hiere is a machine M, in wltich títere is a fcedback 
loop through lite cnviroiimciil so lltal lite cffccts of ils outpul affect ils 
Inpul, otte is in fací lalking aboul a largor machine M' wltich ineludes lite 
environincnt and Ihe fcedback loop in ils defining organizalion. 

Aulopoiciic machines are Itomeoslalic machines. Their peculiarity, Itow- 
ever, does nol lie in litis bul in lite fundamental variable wltich lltey inainlain 
conslant. An aulopoietic machine is a machine organized (dejined as a imity) 
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as a nctwork of processcs of produclion (transformation and dcstruclion) of 
componcnts lltal produces lite components whicli: (i) through their inter- 
acíitms and iransformations coiitinuously regenérate and realize thc nctwork 
of processcs ( relations ) lltal produccd lltem: and (ii) constitute it ( thc ma¬ 
chine) as a concrete unity in thc space in wltich thcy (the components) exist 
by specifying the topological domain of ils realization as such a network. It 
follows lltal an aulopoietic machine continuously generales and specifies ils 
own organizalion through ils operalion as a system of produclion ofitsown 
contponculs, and does litis in an cndlcss lurnover of components under 
condilions of continuous pcrturbalions and compensalion of perlurbalions. 
Therefore, an aulopoietic machine is an homcoslutic (or rallter a rclations- 
slalic) syslem wltich has ils own organizalion (defining network of relations) 
as the fundamental variable wltich it maintains conslant. This is lo be clearly 
uudcrstood. Gvcry unity has an organizalion specifiable in lerms of staticor 
dynamic relations bctwccn elemciits, processcs,or bollt. Among lítese possible 
cases, aulopoietic machines are unilics wliosc organizalion is defined by a 
parlicular nctwork of processcs (relations) of produclion of components, 
lite aulopoietic network, not by the components themselves or their static 
relations. Since the relations of produclion of components are given only as 
processcs, if thc processcs stop, the relations of produclion vanislt;as a rcsull, 
fot a machine lo be aulopoietic, ils defining relations of produclion ntusl be 
conlinuously regcncrated by the components wltich lltey produce. Furlher- 
more, thc network of processcs wltich constitute an aulopoietic machine is a 
unilary syslem in (lie space of lite components lltal il produces and wltich 
genérale (lie nctwork llirough their iiitcractions. The aulopoietic network of 
proccsses, liten, differentiates aulopoietic machines front any ollter kind of 
unit. Iu fact: (i) in a man-ntade machine in the physical space, say a car, 
títere is an organizalion given iu lerms of a concatcnallon of proccsses, yel, 
lítese processcs are not proccsses of produclion of Ihe components wltich 
spccify the car as a unity sincc lite components of a car are produced by 
ollter proccsses wltich are indcpendeitl of thc organizalion of thc car and ils 
operalion. Machines of this kind are non-autopoietic dynamic syslems. (ii) 
In a natural physical unily like a cryslal, the spalial relations among lite 
conipoiienls spccify a lattice organizalion wltich defines il as a mentber of a 
class (a cryslal of a particular kind), wltile thc kinds of components wliich 
constitute il spccify il as a particular case in lltal class. Tltus, lite organizalion 
of a cryslal is specificd by lite spalial relations whiclt define tlic relative 
position of ils componen Is, wltile lítese spccify ils unity in lite space in wltich 
thcy exisl - thc physical space. This is not so willt an aulopoietic macldne. ln 
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fací, allliough wc llml spalial rclnlions ¡imoiig lis componcnls wlicncvcr wc 
actually or conccplually frccz.c II Cor an obscivalion, lito observo! spalial 
rclatlons do nol (and cannot) dclhic it as aiilopniclíc. Tliis is so bccausc (lie 
spalial rclatlons belween (lie componcnls of an aulopoiclic macbinc are 
specifted by (lie nctwork of proeesses of prodnclion of componcnls wliicb 
constitulc lis oiganizallon and (bey are tbcicCorc ncccssarily in conlinuous 
changc. A crystal organizalion (lien, lies in a dilTcrcnt domain (lian tbc 
autopoietic organizalion: a domain of rclations belween componcnls, nol of 
relations belween proeesses of prodnclion of componcnls; a domain of 
proeesses, nol of concatcnation of proeesses. Wc normally acknowlcdgc Ibis 
by saying (bal crystals are static. 

Il is importan! (o realizo tliat wc are nol using (lie leí. organizalion in tbe 
definilion of an aulopoiclic machine in a myslical or lranscendcntal sense, 
prctcnding (bal il lias any cxplanalory valúe of its own. Wc are using il only 
lo refer lo tbc spccific rclations (bal define au aulopoiclic syslcni. Tlius, 
autopoietic organizalion siniply ineans proeesses interlaccd in Ibe specific 
(orín of a nelwork of productions of componcnls wliicli realiziug tbe nelwork 
tlial produced llicm conslilute il as a unily. Il is for Ibis rcason tlial wc can 
say tlial every lime lliat Ibis organizalion is actually realized as a concrete 
systcin in a given spacc, Ibe domain of Ibe dcformalmos wliieli Ibis syslcni 
can wilbslnnd wilboiil loss of idcnlily wbile mulnlaining conslanl ils orgaui/a- 
tlon, is Ibe domain of changos iu wliicli il cxisls as a unily. Il is (bus olear lliat 
tbc fací (bal aulopoiclic syslcms are bouicoslalic syslcms wliicli llave llicir 
own organizalion as Ibe variable llial (bey mainlaiu conslanl, is a ncccssary 
conscqucncc of (lie aulopoiclic oiganizaliou. 

Tbc conscqucnccs of (bis aulopoiclic organizalion are paramount: 

(i) Aulopoiclic macbincs are aulononious; (bal is, (bey subordínate all 
cbanges lo tbc mainlenaiicc of (licir own organizalion, ¡ndcpcndently of 
bow profoundly tlicy may otbcrwisc be (ransfornicd in (lie proccss. Ollier 
macbincs, bcnccforlb cabed allopoiclic macbincs, liavc as (lie product of tlicir 
functionlng soniclbing difieren! fiom ibcmsclvcs (as in ibe car exampie). 
Since (be cbanges llial allopoiclic machines may suffer wilboul losing tlicir 
dcfiiiitory organizalion are nccessarily subordinalcd lo (lie prodnclion of 
sometbing diffcrcul from tbcmsclvcs, llicy are nol aulononious. 

(il) Aulopoiclic macbincs liavc individualily; llial is, by kccping tlicir 
organizalion as an invarianl tbrougb ils conlinuous produclion (bey actively 
mainlaiu an idcnlily wliicli is indcpciulcnl of (licir inlcractions witli an 
observer. Allopoiclic macbincs llave an idcnlily tlial depends on (lie observer 
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and is nol delermined llirougli llicir opcralion, bccausc ils product Is difieren! 
Irom llieiusclvcs; allopoiclic inacbincs do nol llave individualily. 

(iii) Autopoietic machines are unitics bccausc, and only because, of 
llicir specific aulopoielic organizalion: llicir operations spccify tlicir own 
boundarics in Ibe proeesses of sclf-production. Tliis is nol tbe case witli an 
allopoiclic machine wliose boundaries are defined by (be observer, wlio by 
spccifying its inpul and output surfaecs, specifies wlial pertains lo il in ils 
operations. 

(iv) Aulopoiclic machines do not liave inpuls or oulpuls. They can be 
pcrturbalcd by independen! events and undergo internal slruclural cbanges 
wlucb compénsate llicsc perlurbalions. ir Ibe pcrlurbalions are repealed, 
Ibe machine may undergo repealed series of internal cbanges which may 
or may nol be ¡dcnlical. Wbicbcver series of internal cbanges lakes place 
howcvcr, they are always subordinalcd lo tbe mainlcnancc of (be machine 
organizalion, condilion wbicb is definitory of tbe aulopoiclic machines. Tlius 
any relation belween (bese cbanges and tbe course of perlurbalions lo wbicb 
wc may poinl lo, pertains lo (lie domain in wbicb Ibe machine is observed 
bul huí lo its organizalion. Thus, allliough an aulopoiclic machine can be 
trcalcd as an allopoiclic macbinc, (bis trcalmcnl docs nol reveal ils organiza¬ 
lion as au aulopoiclic macbinc. 

An organizalion may rcmain conslanl by being- static, by mainlaining ils 
componcnls conslanl, or by mainlaining conslanl eerlalu rclalions belween 
componcnls othcrwlsc iu conlinuous llow or eliangc. Autopoietic machines 
are organiza bous of Ibe latter kind: they maintain constan! tbe relalions (bal 
define lliem as aulopoietic.Tlie actual way in which sucli an organizalion may 
in Tacl be implcmcnted in tbe physical space, tlial Is, tbe physical structure 
of Ibe uiacbine, varíes according (o (lie nalurc (properlics) of tbe physical 
malcriáis wbicb cnibody il. Tberefore Hiere may be many differenl kinds of 
aulopoiclic machines iu ll.e physical space (physical aulopoiclic machines)- 
all of llicm, howcvcr, will be organizcd iu sucli a manner tlial any physical 
inlerference witli llicir operalion oulside tlieir domain of compensations will 
residí m tlieir disinlcgration: llial is, in Ibe loss of aulopoicsis. Il also follows 
llial Ibe actual way in wbicb Ibe autopoietic organizalion is realized in one of 
llicsc macbincs (its structure) determines tbc particular perlurbalions il can 
suffer wilboul disinlcgration, and henee, tbe domain of inleractions in which 
H can be observed. Tliese features of lite actual concreleness of autopoietic 
machines embodicd in physical Systems allow us lo talk about particular 
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wlicu applicd lo a machine, or any System independent from us, tliey reflect 
our considcrtng (lie machine or System ln some encompassslng context. In 
general, (lie obscrvcr puts the machines eithcr conceptually or concretely to 
some use, and thus defines a set of circumstances tliat lead the machine lo 
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at any píate is not compcnsatcd by bringing il»c systcin baek to un idcntical lite lollowing considcrnllons: 

slate of its componcnts as it would be dcscribcd by projccting it upon a tluce- 

dimensional Carlcsian spacc; rather ¡t is compensatcd by keeping its organiza- (i) An aulopoiclic syslem is defined as a unily by and througli its auto- 

tion constan! as dcfincd by (lie rclation of the relations of prodnetion of reía- poictic organi/.ation. This unity is, llius, a lopological unity in tire space in 
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ment of lilis opcration. 

(Iv) The problem of llie origin of autopoietlc syslems lias two aspects; 
one refers (o tlieir factibility, and lite otlier lo (lie possibilily of their spon- 
(aneous occurrcncc. Tlic first aspee! can be stated in tiic followiiig niainier: 
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distlnclion [(lie tllslinctiveness and distinguisliing «f uitily], dicn, is not an otlicrwisc be trunsformed In (lie proccss of nialntaining its auto'polcsis. 

absliact iiolion of ptircly conceptual validily foi descriptivo 01 analylical 

purposes, bul il is an opcialivc notion referring to llie proccss llirough 0 V ) Only after a unily has been constitutcd as an autopoictic unity 

wliicli a unily bccomcs asscrlcd or dclincd: tbc coiulilions whicli spccify a (individual) can rcproduction lakc place as a biological plienonienon. 
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ueiunnauuus mai geucraic lurmcr compciisatory changes. In (he pheuomc> (he secoud case implies an onlogcny which ¡s also a process of specification of 

nology of thc aulopoictic organizatiou tlicsc two sources of perturbadoras are a particular autopoicsis llial in ils dctcnninalion is, necéssarily, a function 

indislinguishahlc, and in cacli aulopoictic syslcm tlicy braid together lo forin of botli thc plasticity of thc coniponents of thc systein and thc history of its 

a single onlogcny. Huís, allhough in an aulopoictic syslcm all changos are intcractions. 
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phenomenon as a dcscription oí ils antccedents cannol contribute to ils units tliemselves. Tlie result is tliat uuder no circumstance in lliese non- 

explanation bccausc thc antcccdcnls are nol componen(s of lite phenomcnon scqucntial rcproductive cases does a cltange in tire struclure of a unity af- 

wliich tlicy precede or genérate. Convcrscly, sincc histoiy as a phcnomenon is leet Ih® struclure of tire olhcrs yet to be produced, and, indepcndcntly 

to be explaincd in tbc presen) as a clianging nctwork of scquenlially produced wlictlicr llicy are aulopoiclic or not, tliey do not constitnle a liistorical 
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autopoiclic syslcms bcforc llial, llicir cJiffcrcut pallcrns of re al iza t ion did rcgularily and frequeney of sclf-reproduction) lo the cx|e»l of niaking it 

nol evolve, and Iherc was only llic liislory of llicir independent ontogeiiics. Independenl of external accidental Torces. Once (lie rnosl simple self-re- 

producing process takes place in an autopoietlc System, evolution is on its 
(¡v) Sclcction, as a proccss in a populado» of unities, is a process of course and sclf-reproduction can enlcr in a liistory of cliange, willi llieensuing 


O « ZT 

5 c « _ § 

c g » y» 
r " r ? 

c ~ _ U_ 3 

2 O n ~ = 


c" 5' 5 £, g 

í “ = 0 ^ 

—■ = -T £ n 

2- n - =. « £ 

” “ Z 5 = 


w c « 
o 2. = 


c */» ^ 
C ^ 


« = » 5 c 5. 
c* * *" c §. £ 


5--S5.S: 

■— o c o — s" ??* 


cr — « =• v: 

2 5 ~ - r 


c — ** 

r- C ■< 

—I U) 

C v; r- 


v» 09 £ 
• . « C 


- Sí o 

uí n 

- .~ 


0= — 
^ o" O 


O * £ 

— r o 

— o *2 

— < k 

r - ñ 


£ 8- s 8 & 

er S Ü 2 = =■ 

2 “ños. 

2 C t n — o 

- cr ~ 2 5 ■» 

oc 8 2 se. £ e 

gSiíf? 

S c- = - 

— o v: » c- rr 


§: s 

00 O ■= 
> E* o. 
c/> ~ 

•«Ce 

c S * 

£ * c 
— c —> 

i £_ = c 

. -i £ B 
« 5‘ 2 

' w t/i 

c 2. < 
C. 3 n 
C 2 c 


O «s ” 
8/1 3 O 
o 3 
** « — 


c. - c 


o « o 

g-s : 


5- £ - 

i. I •§ 
? -3 


, s; 3 

• £ _ g 
<£ 5 2 
= í “ ■ 

N C SL 

o; ^ * i 

1 C. r s. 

2 _ 2 . 

3 

i- £"8 

p =• 5 . 
1 o g. r. 

E _ —. 
s =r C 
W n " 


e - . o 
p o g 
£ «» K 

Ce — 
p « ^ 


1 i s s 5- 

— —‘ o < c 
__ *< • _ c 


o ~ 3 
03 _ . 

O *“ —- 

2 c. « ‘ 
; Jr m 
C « n 

% S n 
2. 5 K 

< r’ 2 
o o • 


X « -í 

o oo ° 

S í t 

< c P 


- « ó 
sea 


. g o - 
c x o 

£ “ ü 

£ o ~ 


u cr c 

ó *< s 

c- — 
e 2. o 


— o — 
2 - — 
í í 

K = X- 

=.- 2 s 

c p E ‘ 
r. r. - 
r. ~ c 

£ = o 
« < 


P « ^ 

« g- 
ñ 5 « 


í « c 
“ 1/5 c 

|i =■ £» 

« o i. 

s. = 

- (í !fl 


c íi. C 

5 II 


« -e — 

E ü í 


o 


C/i 3 O 

^ o 

C 

< 

rT 

ts> 

C- 

C n e 

“3 

O 


£. 

c 

—í o; -3 

O 

■i 

o 




Oí 

O 


v 

e 

3 C £' 

r. 


r. 

* 

OC 

O 3 OQ 

3" 

3 

— 


c r. o o x 

< «. C-*^ c 
o — c “ «- 

5 o a - = 

« — r- ” « 

r C ^ o 


g f — O 

c- e e — 

- 7 C. O 

£ 5 ^ « 


^ s o £, 

(5 í M ^ 
« 2, O 


- : r cr c w 

r *3 <2. r c s 

¡z: — v 

«« c «« *< 3 = 


03 

í 

o] 

o 

O 

o 

c. 

■3_ 

03 

O 

o 

a 

Si 

c 

o 

c 

O 

v: 

03 

3 

0O 

O 

o 

i. 

*o 

o 

W1 

í 

o 

03 

(O 

E” 

00 

2 

E‘ 

c/> 

O 

r: 


O 


03 

3 

o 

— 


o £: ? 1 

= B- 
« 

■ « o 2 

o. e c 

• cr 

• Sí rt C 
D < C. 
e. c_ v: 

* < — 

5^2 

o E' 
i «=. 

3 S « 

í K E ‘ 
r- í o 

o' £ óS 
~ E. « 
c- 2 

■ «. e. g « 

(S C 3 

a y o 

= e ó 

c —> . 

; Z =. 

i' 5 

C« 

■asi 

' o C_ 2. 

« C 3 

* • ; oq 

s E =: 

: — = o 
_=• o> 

' 3 = <8 
11 > 


— _ c 

2 g-| 
• f « <s. 

o v 

. v: « • 


03 — 

0 5 3- 

03 *< O 
E* «rt C- 

o v: O 
c. « s 


S s 3 
C- — o 


03 03 e- 
c. — = 


:. s. s 
_ </? _ 


« o s, 

> C %a 3 

3 8/3 C3 

. EL S — 

£• <<■ « 

S « *< 

C K* £ 
“>•3 3 
•e « « 

C C— 63 

(A _. — 

1/5 3 3. 
3 _ O ’ 

° o *0 

o £• «’ 
B3_ O 3- 

: B I I 

c E. 3 

• 3 3 7 

m 

' os £. 3) 
'3*0 
^ M 


g — O 
o ^ 

ffl P o 


o' O Oí 
-i s: “ 
o — NJ 

§. s S. 

03 3* C 


Ex - 

5 = 2 

3 ^ 3 

o 5" o 
: ^ 3. x 

> 03 C ** 

’ C 3 ^ 

c e ^ 

■g 

3’ w 

, O c Crt 

2- *C 

^ c P 
■ • *3 2. 

1 os c r> 

S. £ S 

■sí S 

o - £ 


— Crt -I 

3 O s< 
£ o 
n o £ 

5 ó 5 

o = <-. 








I 










by olhcr rclations, cithcr bctwccn componen ts or proccsses, ¡( is nol un be unablc lo observe ¡1 as a unity bccausc lie cannol spccify llic proper 

autopoicllc system and (he observer is mistaken. The apparent autopoiesis pcrccplual dimensions. In the firsl case, thc observer ntakes a unity dislinction 

of sucli a system is incidental tu (lie autopoiesis of lite couplcd unitics wliich whicli is not commcnsurate witli tile autopoietic system, and he thus defines 

constitutc it, and not intrinsic to its organization; (lie mislake of thc observer, a *'d opérales witli a different unity;in llie second case lie makes no dislinction 
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knowledge ¡s possible, and Ihe validation of all possible relative knowledge is 
3. COGNITIVE IMPLICATIONS atlaincd llirougli successful autopoiesis. 
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linguistic bchavlor. 

Autopolcsis solvcs (lie problcm of (lie biolugical plienonieuology in general 
by defínlng i(. New problcms arisc, and oíd ones appear in a diffcrenl perspcc- 
tlve; in particular, (lióse wliicli refer (o lite origin of living syslcms on earth 
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lo lile organism of whicli il is a componc.il: surfaccs may be excilalory or inhibilory according lo Ihe kinds oí neurona 

involved. Uxcilalory iifrcrcnl inlluences cause a cliangc in thc slalc of aclivily 

(I) Tlie oiganism, including Ihe ncrvous systcm, provides Ihe physical and ll,c collcctor surface of tlie receiving neuron wliicli niay lead to a change in 
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nclwork wliicli it Integrales uocs nol slay invananl, bul changos along lis agciu ai auy ncuronai receptor surlacc. i lie changos mal lite nervous syslcm 

ontogeny in a maimcr subordinalcd lo lite ontogeny ol' llic organisni wliicli ca " undergo willioul disintegration (loss of defining relalions as a elosed 

is bolli a rcsult and a source of thc changos tlial Ihe neuronal nelwork and llie neuronal nelwork) as a result of diese or any otlicr perturbation are fully 

orgaulsm undergo. I spccificd by ils conncclivity, and llie perturbing agenl only constitutes a 
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pates In llie gcncration of the rclatíons wliich constilutc tlie organism as an nervous System cannot inake a uistinciion m íts process oí transiormalion 

autopoietic unity Also due lo Ibis coupling the structure of thc nervous bclwcen íts intemally and extemally generaled changes, the nervous syslem 

systeni is ncccssarily continuously delermined and realized (lirough llie ¡s bound lo couple its Uistory of (raiisformalious lo Ihe liistory of its inler- 

gencration of ncuronal relations inlcrnally dcrincd witli rcspecl lo the nervous nally dclerniined changcs of stale as much as lo llie history of its exlernally 
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phenumcnon opcralive in tlie obscrved domain. A mapping qf a procesa 
that occurs In (lie space of autupoicsis onto a proccss tliat occurs in (lie 
spacc of human dcsign (hclcrupoicsis) and, thus, nol a rcforinulation of 
thc phcnomcnon. 
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MACIIINU» PUKPOSL ()K AIM OI*: tlic use lo which ;i machine can lie pul I a populaliou of autopoiclic unilics, sclcclion is a proccss of jJifrerential 

by man, soinctimes its producl. A dcscriptivc dcvicc lo reduce ilie lask of realizado» of aulopoiesis, and licncc, of diffcrcnlial self-produclion. 

convcying lo a lislcncr tire organización of a particular machine. SliLF-CONSCIOUSNESS: (he domain of scll'-observation. 

MLiCIIANICAL l’IIENOMUNOLOGY: tlic plicnomcuology gcncratcd by ' SliLF-REl’RODUCTlON: wlicn a unity produces anolher witli a similar 
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